Studies on CdS-GR and CdS-CNT nanocomposites for hydrogen evolution and organic dye degradation under visible-light, and on polyoxometalate-supported gold catalysts for selective conversion of cellulose into gluconic acid by 叶爱华
 
:   10384                                    
:   20520091151420                                  UDC  
 
 
           
                                             
CdS-GR CdS-CNT
 
Studies on CdS-GR and CdS-CNT nanocomposites for hydrogen 
evolution and organic dye degradation under visible-light, and on 
polyoxometalate-supported gold catalysts for selective conversion of 




    
        
2012  6  
2012  6  
2012     
 
                  
                          
 














A thesis submitted to Xiamen University for M. S. Degree 
 
 
Studies on CdS-GR and CdS-CNT nanocomposites for hydrogen 
evolution and organic dye degradation under visible-light, and on 
polyoxometalate-supported gold catalysts for selective conversion of 
cellulose into gluconic acid 
 
By       Aihua  Ye  
 






State Key Laboratory of Physical Chemistry of Solid Surfaces 

























                            
               























     1.
       




                              













   
i 
   
   ..................................................................................................... I 
Abstract ................................................................................................ III 
 
  
1.1  ................................................................................................ 1 
1.1.1  ......................................................................................... 1 
1.1.2  ......................................................................................... 2 
1.1.3  ......................................................................................... 2 
1.2  ........................................................................................................ 2 
1.2.1  ................................................................................... 3 
1.2.2  .............................................................................. 3 
1.2.3  .............................................................. 5 
1.2.3.1  ........................................ 5 
1.2.3.2  ........................................................................ 6 
1.2.3.3  ........................................................................... 7 
1.2.3.4 -  ...................................................................... 9 
1.2.4 -  .............................................. 9 
1.2.4.1 AC-  .............................................................. 9 
1.2.4.2 Fullerene-  .................................................. 10 
1.2.4.3 CNT- ........................................................... 11 
1.2.4.4 Graphene-  .................................................. 12 
1.3  .................................................................................................. 14 
1.3.1  ................................................................................... 14 
1.3.2 ......................................................... 15 
1.3.2.1  .......................................... 16 













   
ii 
1.4 ................................................................................... 18 
1.4.1 MO  ......................................... 18 
1.4.2  ..................................................... 19 
1.5 ................................................................................... 20 
 ......................................................................................................... 21 
 
 CdS-GR CdS-CNT  
2.1  .......................................................................................................... 27 
2.2  .................................................................................................. 28 
2.2.1  ................................................................................... 28 
2.2.2 CdS-GR CdS-CNT  ................................. 29 
2.2.2.1 Graphite oxide(GO)  .................................................. 29 
2.2.2.2 CdS-GR CdS-CNT  .............................................. 29 
2.2.3  ............................................................................ 29 
2.3  .............................................................................................. 30 
2.3.1 CdS-GR CdS-CNT  ................................. 30 
2.3.2  ............................................. 32 
2.3.3 CdS-GR  ........................................................... 33 
2.4  .................................................................................................. 34 
 ......................................................................................................... 35 
 
 CdS-GR CdS-CNT  
3.1  .......................................................................................................... 37 
3.2  .................................................................................................. 38 
3.2.1  ................................................................................... 38 
3.2.2 MO  ............................................................ 38 
3.2.3  ................................................................................ 38 













   
iii 
3.3  .............................................................................................. 39 
3.3.1 CdS-GR MO ........................................ 39 
3.3.2 CdS-CNT MO ...................................... 41 
3.3.3 MO  ............................................. 42 
3.3.4 (TOC)  .................................................................. 44 
3.4  .................................................................................................. 45 
 ......................................................................................................... 46 
 
 CdS-GR CdS-CNT  
4.1  .................................................................................................. 47 
4.1.1 X- (XRD) .................................................................. 47 
4.1.2 X- (XPS) ............................................................... 47 
4.1.3 (TEM) ................................................................. 47 
4.1.4 (UV-vis)....................................................... 47 
4.1.5 (Transient Photocurrent Responses) ............................ 47 
4.2  .............................................................................................. 48 
4.2.1 CdS-GR CdS-CNT  .......................... 48 
4.2.2 CdS-GR CdS-CNT  .............. 53 
4.2.3  ................................................................................ 54 
4.3  .................................................................................................. 55 
 ......................................................................................................... 56 
 
 Keggin Au  
5.1  .......................................................................................................... 57 
5.2  .................................................................................................. 58 
5.2.1  ................................................................................... 58 
5.2.2  ................................................................................ 58 













   
iv 
5.2.2 Au  ............................................................. 59 
5.3  .......................................................................................... 59 
5.3.1 (AAS) .......................................................... 59 
5.3.2 (TEM) ................................................................. 60 
5.3.3 NH3- (NH3-TPD)....................................................... 60 
5.3.4 X (XPS) ............................................................... 60 
5.3.5 H2-O2  ................................................. 61 
5.4  .............................................................................................. 62 
5.4.1  .................................................. 62 
5.4.2 Au  ............................................................. 63 
    5.4.2.1 1.0 wt% Au/CsxH3.0-xPW12O40( x = 1.2-3.0)  ....... 63 
    5.4.2.2  Au 1.0 wt% Au/Cs2.2H0.8PW12O40  . 65 
    5.4.2.3  Au  ................................................... 68 
5.4.3 1.0 wt% Au/CsxH3.0-xPW12O40(x = 1.2-3.0) Au
 ......................................................................................... 70 
5.4.4 1.0 wt% Au/CsxH3.0-xPW12O40(x = 1.2-3.0)  70 
5.5  .................................................................................................. 72 




6.1  .......................................................................................................... 75 
6.2  .................................................................................................. 76 
6.2.1  ................................................................................... 76 
6.2.2  ....................................................................................... 76 
6.2.2.1  ................................................................. 76 
6.2.2.2  ............................................................. 77 













   
v 
6.3.1 ——  .............................. 78 
6.3.1.1 Au
 ......................................................................................... 78 
6.3.1.2 Au/Cs2.2H0.8PW12O40 Au
 ............................................... 80 
6.3.1.3 Au/Cs2.2H0.8PW12O40
 ......................................................................................................... 82 
6.3.1.4 Au/Cs1.2H1.8PW12O40  .. 84 
6.3.2 ......................................................... 85 
6.3.2.1  ..................................................................... 85 
6.3.2.2 Au  ................................ 86 
6.3.2.3 Au/Cs1.2H1.8PW12O40  ...... 87 
            6.3.3.4  H3PW12O40-Au/Cs3.0PW12O40 ……….……88 
            6.3.2.5  H3PW12O40-Au/Cs3.0PW12O40 …….....89 
6.4  .................................................................................................. 92 
 ......................................................................................................... 93 
 
  
7.1 CdS-GR CdS-CNT MO  .................................... 97 
7.2  ............................. 98 
 
 ...................................................................... 100 






























Abstract in Chinese ................................................................................ I 
Abstract ................................................................................................ III 
 
Chapter 1. General Introduction 
1.1 Energy and Environment .......................................................................... 1 
1.1.1 Energy Issues .................................................................................... 1 
1.1.2 Environmental Problems ................................................................... 2 
1.1.3 Development Tendency ..................................................................... 2 
1.2 Solar energy ............................................................................................... 2 
1.2.1 Applications of Photocatalysis ........................................................... 3 
1.2.2 Fundamental Mechanism of Photocatalysis ....................................... 3 
1.2.3 Approaches for Efficient Photogenerated Charge Separation ............. 5 
1.2.3.1 Modification of Crystal and Size of Semiconductor ................ 5 
1.2.3.2 Cocatalyst Loading ................................................................. 6 
1.2.3.3 Semiconductor Combinations ................................................. 7 
1.2.3.4 Carbon-Semiconductor Combinations ..................................... 9 
1.2.4 Research Progress in Carbon-Semiconductor Composites ................. 9 
1.2.4.1 AC-Semiconductor Composites .............................................. 9 
1.2.4.2 Fullerene-Semiconductor Composites ................................... 10 
1.2.4.3 CNT-Semiconductor Composites ........................................... 11 
1.2.4.4 Graphene-Semiconductor Composites .................................. 12 
1.3 Biomass Energy ........................................................................................ 14 
1.3.1 Cellulose ......................................................................................... 14 
1.3.2 Catalytic Conversion of Cellulosic Compounds ............................... 15 
1.3.2.1 Hydrolysis of Cellulosic Compounds .................................... 16 
1.3.2.2 Oxidation of Cellulosic Compounds ..................................... 17 















1.4.1 Visible-Light-Driven Hydrogen Evolution and Organic Dye 
Degradation ...................................................................................... 18 
1.4.2 Selective Oxidation of Cellulose to Gluconic Acid .......................... 19 
1.5 Outline of this Thesis ............................................................................... 20 
References ...................................................................................................... 21 
 
Chapter 2. Visibe-Light-Driven Hydrogen Evolution over CdS-GR 
and CdS-CNT Nanocomposites 
2.1 Introduction ............................................................................................. 27 
2.2 Experimental ............................................................................................ 28 
2.2.1 Materials and Reagents.................................................................... 28 
2.2.2 Preparation of CdS-GR and CdS-CNT Nanocomposites .................. 29 
2.2.2.1 Preparation of Graphite oxide(GO) ....................................... 29 
2.2.2.2 Preparation of CdS-GR and CdS-CNT Nanocomposites ....... 29 
2.2.3 Photocatalytic Reaction of Hydrogen Evolution .............................. 29 
2.3 Results and Discussion ............................................................................. 30 
2.3.1 Photoatalytic Behaviors of CdS-GR Nanocomposites for Hydrogen 
Evolution under Visible Light ........................................................... 30 
2.3.2 Photoatalytic Behaviors of CdS-CNT Nanocomposites for Hydrogen 
Evolution under Visible Light ........................................................... 32 
2.3.3 Stability of CdS-GR Nanocomposites .............................................. 33 
2.4 Conclusions .............................................................................................. 34 
References ...................................................................................................... 35 
 
Chapter 3. Visibe-Light-Driven Organic Dye Degradation over 
CdS-GR and CdS-CNT Nanocomposites  
3.1 Introduction ............................................................................................. 37 















3.2.1 Materials and Reagents.................................................................... 38 
3.2.2 Photocatalytic Reaction of Methyl Orange (MO) ............................. 38 
3.2.3 Fluorescent Probe Technique ........................................................... 38 
3.2.4 Total Organic Carbon (TOC) Value.................................................. 39 
3.3 Results and Discussion ............................................................................. 39 
3.3.1 Photoatalytic Behaviors of CdS-GR Nanocomposites for MO 
Degradation under Visible Light ....................................................... 39 
3.3.2 Photoatalytic Behaviors of CdS-CNT Nanocomposites for MO 
Degradation under Visible Light ....................................................... 41 
3.3.3 Reaction Mechanism of MO Photodegradation ................................ 42 
3.3.4 TOC Values ..................................................................................... 44 
3.4 Conclusions .............................................................................................. 45 
References ...................................................................................................... 46 
 
Chapter 4. Characterizations of CdS-GR and CdS-CNT Nano- 
composites and Structure-Performance Correlation 
4.1 Experimental ............................................................................................ 47 
4.1.1 XRD................................................................................................ 47 
4.1.2 XPS ................................................................................................. 47 
4.1.3 TEM  .............................................................................................. 47 
4.1.4 UV-Vis ............................................................................................ 47 
4.1.5 Transient Photocurrent Responses ................................................... 47 
4.2 Results and Discussion ............................................................................. 48 
4.2.1 Characterizations of CdS-GR and CdS-CNT Nanocomposites ......... 48 
4.2.2 Transient Photocurrent Responses for CdS-GR and CdS-CNT ......... 53 
4.2.3 Structure-Performance Correlation .................................................. 54 
4.3 Conclusions .............................................................................................. 55 
















Chapter 5. Preparation and Characterization of Keggin-Type 
Polyoxometalates-Supported Gold Nanoparticles 
Catalysts 
5.1 Introduction ............................................................................................. 57 
5.2 Experimental ............................................................................................ 58 
5.2.1 Materials and Reagents.................................................................... 58 
5.2.2 Preparation of Catalysts ................................................................... 58 
5.2.1 Preparation of Keggin-Type Cesium-Substituted Polyoxometalates . 58 
5.2.2 Preparation of Polyoxometalates-Supported Au Nanoparaticles ....... 59 
5.3 Characterization of Catalysts .................................................................. 59 
5.3.1 AAS ................................................................................................ 59 
5.3.2 TEM ................................................................................................ 60 
5.3.3 NH3-TPD ........................................................................................ 60 
5.3.4 XPS ................................................................................................. 60 
5.3.5 H2-O2 Titation ................................................................................. 61 
5.4 Results and Discussion ............................................................................. 62 
5.4.1 Results of AAS ................................................................................ 62 
5.4.2 The Sizes and Distributions of Au Particles ..................................... 63 
5.4.2.1 1.0 wt% Au/CsxH3.0-xPW12O40( x = 1.2-3.0) Samples ............. 63 
5.4.2.2 Different Au Size of 1.0 wt% Au/Cs2.2H0.8PW12O4 ................ 65 
5.4.2.3 Au Particles Loaded on Various Supports .............................. 68 
5.4.3 The Chemical State of Au Particles in 1.0 wt% Au/CsxH3.0-xPW12O40 (x 
= 1.2-3.0) ......................................................................................... 70 
5.4.4 Acidities of 1.0 wt% Au/CsxH3.0-xPW12O40(x = 1.2-3.0) ................... 70 
5.5 Conclusions .............................................................................................. 72 
















Chapter 6. Selective Oxidation of Cellulose to Gluconic Acid Over 
Keggin-Type Polyoxometalates-Supported Gold Nanoparticles 
Catalysts 
6.1 Introduction ............................................................................................. 75 
6.2 Experimental ............................................................................................ 76 
6.2.1 Materials and Reagents.................................................................... 76 
6.2.2 Catalytic Reactions .......................................................................... 76 
6.2.2.1 Catalysts Performance Evalution .......................................... 76 
6.2.2.2 Analysis ................................................................................ 77 
6.3 Results and Discussion ............................................................................. 78 
6.3.1 Selective Oxidation of Cellobiose .................................................... 78 
6.3.1.1 Selective Oxidation of Cellobiose Over Au Nanoparticles 
Supported Catalysts .............................................................. 78 
6.3.1.2 Effect of The Mean-Size of Au Nanoparticles on The Oxidative 
Conversion of Cellobiose with Au/Cs2.2H0.8PW12O40 Catalytic
 ............................................................................................. 80 
6.3.1.3 The Structure Sensitive of Oxidation of Glucose on 
Au/Cs2.2H0.8PW12O40 ............................................................ 82 
6.3.1.4 Stability of Au/Cs1.2H1.8PW12O40  ......................................... 84 
6.3.2 Selective Oxidation of Cellulose...................................................... 85 
6.3.2.1 Pretreatment of Cellulose ...................................................... 85 
6.3.2.2 Selective Oxidation of Cellulose Over Au Nanoparticles 
Supported Catalysts .............................................................. 86 
6.3.2.3 Stability of Au/Cs1.2H1.8PW12O40........................................... 87 
            6.3.3.4  Catalysts  Performance  of  H3PW12O40-Au/Cs3.0PW12O40..……88 
            6.3.2.5  Reuse  of  H3PW12O40-Au/Cs3.0PW12O40………………………......89 
6.4 Conclusions .............................................................................................. 92 















Chapter 7. General Conclusions 
7.1 Visible-Light-Driven Hydrogen Evolution and Organic Dye Degradation
 ................................................................................................................ 97 
7.2 Selective Oxidation of Cellulose to Gluconic Acid .................................. 98 
 















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
